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1
MEMORY CELL AND AN ARRAY OF
MEMORY CELLS

TECHNICAL FIELD

Embodiments disclosed herein pertain to memory cells
and to arrays of memory cells.

BACKGROUND

Memory is one type of integrated circuitry, and is used in
computer systems for storing data. Integrated memory is
usually fabricated in one or more arrays of individual
memory cells. The memory cells are configured to retain or
store memory in at least two different selectable states. In a
binary system, the states are considered as either a “0” or a
“1”. In other systems, at least some individual memory cells
may be configured to store more than two levels or states of
information. The memory cells might be volatile, semi-
volatile, or nonvolatile. Nonvolatile memory cells can store
data for extended periods of time in the absence of power.
Nonvolatile memory is conventionally specified to be
memory having a retention time of at least about 10 years.
Volatile memory dissipates, and is therefore refreshed/re-
written to maintain data storage. Volatile memory may have
a retention time of milliseconds, or less.

Integrated circuitry fabrication continues to strive to pro-
duce smaller and denser integrated circuits. There is a
continuing effort to reduce the number of components in
individual devices because such can reduce the size of
finished constructions and simplify processing. The smallest
and simplest memory cell will likely be comprised of two
electrodes having a programmable material, and possibly a
select device (such as a diode or ovonic threshold switch),
received between them. Suitable programmable materials
have two or more selectable memory states to enable storing
of information by an individual memory cell. The reading of
the cell comprises determination of which of the states the
programmable material is in, and the writing of information
to the cell comprises placing the programmable material in
a predetermined state. Some programmable materials retain
a memory state in the absence of refresh, and thus may be
incorporated into nonvolatile memory cells.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic perspective view of a portion of
a memory array in accordance with an embodiment of the
invention.

FIG. 1A is an enlargement of a portion of FIG. 1,
including a cutaway portion.

FIG. 2 is a vertical cross section taken along a longitu-
dinal or axial center of one of the memory cells in the array
of FIG. 1.

FIG. 3 is a horizontal cross section taken through line 3-3
in FIG. 2.

FIG. 4 is a vertical cross section taken along a longitu-
dinal or axial center of an alternate embodiment memory
cell.

FIG. 5 is a vertical cross section taken along a longitu-
dinal or axial center of an alternate embodiment memory
cell.

FIG. 6 is a diagrammatic perspective view of a portion of
an alternate memory array in accordance with an embodi-
ment of the invention.

FIG. 6A is an enlargement of a portion of FIG. 6,
including a cutaway portion.
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FIG. 7 is a vertical cross section taken along a longitu-
dinal or axial center of one of the memory cells in the array
of FIG. 6.

FIG. 8 is a horizontal cross section taken through line 8-8
in FIG. 7.

FIG. 9 is a vertical cross section taken along a longitu-
dinal or axial center of an alternate embodiment memory
cell.

FIG. 10 is a vertical cross section taken along a longitu-
dinal or axial center of an alternate embodiment memory
cell.

FIG. 11 is a vertical cross section taken along a longitu-
dinal or axial center of an alternate embodiment memory
cell.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

Embodiments of the invention encompass a memory cell
and an array of memory cells. FIG. 1 shows a portion of a
substrate construction comprising an array 10 of individual
memory cells 12 that has been fabricated relative to a base
substrate 11. Only four memory cells 12 are shown, with an
array of such memory cells likely including thousands or
millions of individual memory cells. FIGS. 1 and 1A are
diagrammatic depicting operative portions of the memory
cells and conductive lines that form a part thereotf and/or to
which such connect. Solid dielectric material would likely
be received entirely about the depicted construction, but is
not shown in the figures for clarity with respect to operative
components. Substrate 11 may comprise a semiconductor
substrate. In the context of this document, the term “semi-
conductor substrate” or “semiconductive substrate” is
defined to mean any construction comprising semiconduc-
tive material, including, but not limited to, bulk semicon-
ductive materials such as a semiconductive wafer (either
alone or in assemblies comprising other materials thereon),
and semiconductive material layers (either alone or in
assemblies comprising other materials). The term “sub-
strate” refers to any supporting structure, including, but not
limited to, the semiconductive substrates described above.
Partially or wholly fabricated components of integrated
circuitry may be formed as part of, or be elevationally
inward of, substrate material 11.

Any of the materials and/or structures described herein
may be homogenous or non-homogenous, and regardless
may be continuous or discontinuous over any material that
such overlie. As used herein, “different composition™ only
requires those portions of two stated materials that may be
directly against one another to be chemically and/or physi-
cally different, for example if such materials are not homog-
enous. If the two stated materials are not directly against one
another, “different composition” only requires that those
portions of the two stated materials that are closest to one
another be chemically and/or physically different if such
materials are not homogenous. In this document, a material
or structure is “directly against” another when there is at
least some physical touching contact of the stated materials
or structures relative one another. In contrast, “over”, “on”,
and “against” not preceded by “directly”, encompass
“directly against™ as well as construction where intervening
material(s) or structure(s) result(s) in no physical touching
contact of the stated materials or structures relative one
another. Further, unless otherwise stated, each material may
be formed using any suitable existing or yet-to-be-developed
technique, with atomic layer deposition, chemical vapor
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deposition, physical vapor deposition, epitaxial growth, dif-
fusion doping, and ion implanting being examples.

Array 10 comprises spaced first lines 14, spaced second
lines 16 which cross first lines 14, and an individual memory
cell 12 between first lines 14 and second lines 16 where such
cross. Reference to “first” and “second” with respect to
different components herein is only for convenience in
description in referring to different components. Accord-
ingly, “first” and “second” may be interchanged independent
of relative position within the finished circuit construction
and independent of sequence in fabrication. Lines 14 and 16
comprise conductive (i.e., electrically) material, with
examples being elemental metals, a mixture or alloy of two
or more elemental metals, conductive metal compounds, and
conductively-doped semiconductive materials. Lines 14 and
16 may be of the same composition or of different compo-
sitions relative one another.

Referring to FIGS. 1, 1A, 2, and 3, the discussion pro-
ceeds with reference to an individual memory cell 12, with
each of memory cells 12 in an individual memory array
likely being of the same essential construction relative one
another. Memory cell 12 comprises a first electrode 14 (e.g.,
at least a portion of a first line 14) and a second electrode 16
(e.g., at least a portion of a second line 16). Memory cell 12
also comprises a select device 18 and a programmable
device 20 which are in series (i.e., electrical connection)
with each other between first electrode 14 and second
electrode 16. The select device is proximate to (e.g., more so
than is the programmable device) and electrically coupled to
the first electrode. The programmable device is proximate to
(e.g., more so than is the select device) and electrically
coupled to the second electrode. Again, use of “first” and
“second” is for convenience only and the second electrode
may be considered as the first electrode while the first
electrode may considered as the second electrode. Addition-
ally or regardless, the select device may be proximate and
electrically coupled to the second electrode and the pro-
grammable device may be proximate and -electrically
coupled to the first electrode. Examples for each are shown
and described herein. In the context of this document,
devices or components are electrically coupled relative one
another if in normal operation electric current is capable of
continuously flowing from one to the other, and does so
predominately by movement of subatomic positive and/or
negative charges when such are sufficiently generated as
opposed to predominately by movement of ions.

FIGS. 1-3 show an example embodiment wherein select
device 18 is proximate and electrically coupled to first
electrode 14 and programmable device 20 is proximate and
electrically coupled to second electrode 16. Additionally,
and in one embodiment, FIGS. 1-3 show an example
wherein first electrode 14 comprises an upper electrode, and
second electrode 16 comprises a lower electrode. In this
document, “upper”, “lower”, “elevational”, “top”, and “bot-
tom” are with reference to the vertical direction. “Horizon-
tal” refers to a general direction along a primary surface
relative to which the substrate is processed during fabrica-
tion, and vertical is a direction generally orthogonal thereto.
Further, “vertical” and “horizontal” as used herein are gen-
erally perpendicular directions relative one another and
independent of orientation of the substrate in three-dimen-
sional space. In one embodiment and as shown, no inter-
vening circuit component is between select device 18 and
first electrode 14. In one embodiment and as shown, no
intervening circuit component is between programmable
device 20 and second electrode 16. In one embodiment and
as shown, select device 18 is directly against first electrode
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14. In one embodiment and as shown, programmable device
20 is directly against second electrode 16.

Select device 18 may be formed of any suitable
material(s) to provide a select device function. Examples
include a tunnel junction device and a diode. Example
diodes include PN diodes, PIN diodes, Schottky diodes,
Zener diodes, avalanche diodes, tunnel diodes, diodes hav-
ing more than three different materials, etc. As additional
examples, select device 18 may be a junction field effect or
bipolar transistor. In one embodiment, select device 18
comprises a metal-semiconductor-metal diode construction.
Example metals include elemental form metals, alloys of
two or more elemental metals, and conductive metal com-
pounds. Example semiconductor materials include silicon,
for example amorphous, monocrystalline, and polycrystal-
line silicon which may be doped with a conductivity modi-
fying impurity. Example thicknesses for the metal, semicon-
ductor, metal in such a construction is about 100 to 150
Angstroms, 50 to 500 Angstroms, and 100 to 150 Ang-
stroms, respectively. In this document, “thickness™ by itself
(no preceding directional adjective) is defined as the mean
straight-line distance through a given material or region
perpendicularly from a closest surface of an immediately
adjacent material of different composition or of an imme-
diately adjacent region. Additionally, the various materials
described herein may be of substantially constant thickness
or of variable thicknesses. If of variable thickness, thickness
refers to average thickness.

Programmable device 20 comprises a radially inner elec-
trode 22 having radially outer sidewalls 24. In one embodi-
ment and as shown, inner electrode 22 is of a solid pillar
shape in a vertical cross-section taken through an axial
center of inner electrode 22 (e.g., a vertical cross-section
which is FIG. 2), and in one embodiment is directly against
select device 18. Example materials for electrode 22 include
any of those described above for lines 14 and 16. Ferroelec-
tric material 26 has been formed radially outward of the
outer sidewalls of inner electrode 22, and in one embodi-
ment is directly against material 22. Any suitable existing or
yet-to-be-developed ferroelectric material may be used.
Examples include ferroelectrics that have one or more of
transition metal oxide, zirconium, zirconium oxide, haf-
nium, hafnium oxide, lead zirconium titanate, and barium
strontium titanate, and may have dopant therein which
comprises one or more of silicon, aluminum, lanthanum,
yttrium, erbium, calcium, magnesium, strontium, and a rare
earth element. Two specific examples are Hf S0, (e.g,
including hafnium oxide doped with silicon dioxide) and
Hf Zr O,. An example thickness for ferroelectric material 26
is about 30 to 100 Angstroms. In one embodiment and as
shown, ferroelectric material 26 circumferentially surrounds
inner electrode 22 in at least one horizontal cross-section
(e.g., a horizontal cross-section which is FIG. 3).

A radially outer electrode 28 is radially outward of
ferroelectric material 26, and in one embodiment is directly
against material 26. Example materials include any of those
described above for inner electrode 22. Electrodes 22 and 28
may be of the same composition or of different compositions
relative one another. An example thickness for outer elec-
trode 28 is about 30 to 100 Angstroms. In one embodiment
and as shown, outer electrode 28 completely circumferen-
tially surrounds ferroelectric material 26 in at least one
horizontal cross-section (e.g., that of FIG. 3). In one embodi-
ment and as shown, outer electrode 28 is of an upwardly
open container-like shape in a vertical cross-section taken
through an axial center of outer electrode 28 (e.g., that of
FIG. 2).
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One of the outer electrode or the inner electrode is
electrically coupled to the select device with the other being
electrically coupled to the second electrode. FIGS. 1-3
depict an example embodiment wherein outer electrode 28
is electrically coupled to second electrode 16 and inner
electrode 22 is electrically coupled to select device 18. In
one embodiment, inner electrode 22 is directly against select
device 18, and in one embodiment select device 18 is
directly against first electrode 14. In one embodiment, outer
electrode 28 is directly against second electrode 16.

FIGS. 1-3 show programmable device 20 as tapering
radially inward moving elevationally inward towards base
substrate 11 (FIG. 1), likely an artifact of manufacture.
Alternately as examples, components of programmable
device 20 may have vertical sidewalls or taper radially
outward. An example elevational thickness for program-
mable device 20 is about 0.1 micron to 1.5 microns.

FIG. 4 shows an alternate example embodiment memory
cell 12a. Like numerals from the above-described embodi-
ments have been used where appropriate, with some con-
struction differences being indicated with the suffix “a” or
with different numerals. Inner electrode 22a of program-
mable device 20q is of an upwardly open container-like
shape in a vertical cross-section taken through an axial
center of inner electrode 22a. A dielectric material 30 has
been formed there-within. Example dielectric materials are
silicon nitride and doped or undoped silicon dioxide.

An alternate memory cell 125 in accordance with an
embodiment of the invention is shown in FIG. 5. Like
numerals from the above-described embodiments have been
used where appropriate, with some construction differences
being indicated with the suffix “b” or with different numer-
als. FIG. 5 shows a memory cell 126 wherein programmable
device 205 has outer electrode 286 electrically coupled to
select device 18 and inner electrode 224 electrically coupled
to second electrode 16. In one embodiment and as shown,
ferroelectric material 265 is of an upwardly open and
downwardly open cylinder-like shape in a vertical cross-
section taken through an axial center of ferroelectric mate-
rial 264 (e.g., the vertical cross-section shown by FIG. 5). In
one embodiment and as shown, outer electrode 285 is of an
upwardly open and downwardly open cylinder-like shape in
a vertical cross-section taken through an axial center of the
outer electrode. As an alternate or additional example, inner
electrode 226 may be fabricated of an upwardly open
container-like shape (not shown) analogous to that shown
for inner electrode 224 in FIG. 4. A dielectric 34 electrically
isolates inner electrode 225 from select device 18. Example
dielectric materials are any of those described above for
dielectric material 30.

Example additional embodiments in accordance with the
invention are next described with reference to FIGS. 6-11
wherein the select device is proximate to and electrically
couples to the second or lower electrode and the program-
mable device is proximate to and electrically couples to the
first or upper electrode. Referring to FIGS. 6-8, an alternate
embodiment memory cell 12¢ is shown. Like numerals from
the above-described embodiments have been used where
appropriate, with some construction differences being indi-
cated with the suffix “c” or with different numerals. FIGS.
6-8 show an embodiment largely analogous to that of FIGS.
1-3 however wherein select device 18 is between outer
electrode 28 and second electrode 16 and inner electrode 22
electrically couples to first electrode 14. In one embodiment,
inner electrode 22 is directly against first electrode 14. In
one embodiment, outer electrode 28 is directly against select
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device 18, and in one embodiment select device 18 is
directly against second electrode 16.

The ferroelectric material may be directly against one
(i.e., at least one) of the first and second electrodes, may be
directly against only one of the first and second electrodes,
or may not be directly against either of the first and second
electrodes. FIGS. 1-5 show example embodiments wherein
the ferroelectric material is not directly against either of
electrodes 14 and 16. Alternately as examples, ferroelectric
material 26 in the FIGS. 1-4 embodiments may extend to be
directly against (not shown) first electrode 14 (e.g., includ-
ing to extend longitudinally there-along). In the FIG. 5
embodiment, ferroelectric material 265 may extend to be
directly against (not shown) second electrode 16 (e.g.,
including to extend longitudinally there-along). In the FIGS.
6-8 embodiment, ferroelectric material 26 extends to be
directly against first electrode 16 and to extend longitudi-
nally there-along. As alternate examples, ferroelectric mate-
rial 26 may be directly against but not extend longitudinally
along (not shown) first electrode 14, or not be directly
against (not shown) first electrode 14.

An alternate memory cell 12d in accordance with an
embodiment of the invention is shown in FIG. 9. Like
numerals from the above-described embodiments have been
used where appropriate, with some construction differences
being indicated with the suffix “d” or with different numer-
als. Memory cell construction 124 is analogous to that of
FIG. 4, except wherein outer electrode 284 of programmable
device 204 electrically couples (e.g., directly in the absence
of any intervening circuit component) to select device 18
and inner electrode 224 electrically couples (e.g., directly in
the absence of any intervening circuit component) to first
electrode 14. Inner electrode 22d of programmable device
20d is of an upwardly open container-like shape in a vertical
cross-section taken through an axial center of inner electrode
22d.

An alternate memory cell 12¢ in accordance with an
embodiment of the invention is shown in FIG. 10. Like
numerals from the above-described embodiments have been
used where appropriate, with some construction differences
being indicated with the suffix “e” or with different numer-
als. Memory cell construction 12e is analogous to that of
FIG. 5, except wherein inner electrode 22¢ of programmable
device 20e electrically couples (e.g., directly in the absence
of any intervening circuit component) to select device 18
and outer electrode 28e electrically couples (e.g., directly in
the absence of any intervening circuit component) to first
electrode 14. Inner electrode 22¢ of programmable device
20e is of a solid pillar shape in a vertical cross-section taken
through an axial center of inner electrode 22e. Ferroelectric
material 26e is of an upwardly open and downwardly open
cylinder-like shape in a vertical cross-section taken through
an axial center of ferroelectric material 26. Outer electrode
28e is of an upwardly open and downwardly open cylinder-
like shape in a vertical cross-section taken through an axial
center of the outer electrode.

An alternate memory cell 12f in accordance with an
embodiment of the invention is shown in FIG. 11. Like
numerals from the above-described embodiments have been
used where appropriate, with some construction differences
being indicated with the suffix “f” or with different numer-
als. Memory cell construction 12f is analogous to that of
FIG. 10, except wherein inner electrode 22fis not of a solid
pillar shape but rather of an upwardly open container-like
shape.

CONCLUSION

In some embodiments, a memory cell comprises a first
electrode and a second electrode. A select device and a
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programmable device are in series with each other between
the first and second electrodes. The select device is proxi-
mate and electrically coupled to the first electrode. The
programmable device is proximate and electrically coupled
to the second electrode. The programmable device com-
prises a radially inner electrode having radially outer side-
walls. Ferroelectric material is radially outward of the outer
sidewalls of the inner electrode. A radially outer electrode is
radially outward of the ferroelectric material. One of the
outer electrode or the inner electrode is electrically coupled
to the select device. The other of the outer electrode and the
inner electrode is electrically coupled to the second elec-
trode.

In some embodiments, a memory cell comprises an upper
electrode and a lower electrode. A select device and a
programmable device are in series with each other between
the upper and lower electrodes. The select device is proxi-
mate and electrically coupled to the upper electrode. The
programmable device is proximate and electrically coupled
to the lower electrode. The programmable device comprises
a radially inner electrode having radially outer sidewalls.
The inner electrode is of a solid pillar shape in a vertical
cross section taken through an axial center of the inner
electrode. Ferroelectric material is radially outward of the
outer sidewalls of the inner electrode. The ferroelectric
material is of an upwardly open container-like shape in a
vertical cross section taken through an axial center of the
ferroelectric material. A radially outer electrode is radially
outward of the ferroelectric material. The outer electrode is
of'an upwardly open container-like shape in a vertical cross
section taken through an axial center of the outer electrode.
The inner electrode of pillar shape is electrically coupled to
the select device. The outer electrode of container-like shape
is electrically coupled to the lower electrode.

In some embodiments, a memory cell comprises an upper
electrode and a lower electrode. A select device and a
programmable device are in series with each other between
the upper and lower electrodes. The select device is proxi-
mate and electrically coupled to the upper electrode. The
programmable device is proximate and electrically coupled
to the lower electrode. The programmable device comprises
a radially inner electrode having radially outer sidewalls.
The inner electrode is of a solid pillar shape in a vertical
cross section taken through an axial center of the inner
electrode. Ferroelectric material is radially outward of the
outer sidewalls of the inner electrode. The ferroelectric
material is of an upwardly open container-like shape in a
vertical cross section taken through an axial center of the
ferroelectric material. A radially outer electrode is radially
outward of the ferroelectric material. The outer electrode is
of'an upwardly open container-like shape in a vertical cross
section taken through an axial center of the outer electrode.
The inner electrode of pillar shape is electrically coupled to
the select device. The outer electrode of container-like shape
is electrically coupled to the lower electrode.

In some embodiments, an array of memory cells com-
prises spaced first lines, spaced second lines which cross the
first lines, and an individual memory cell between the first
lines and the second lines where such cross. The individual
memory cells comprise a select device and a programmable
device in series with each other. The select device is proxi-
mate and electrically coupled to the crossing first line. The
programmable device is proximate and electrically coupled
to the crossing second line. The programmable device
comprises a radially inner electrode having radially outer
sidewalls. Ferroelectric material is radially outward of the
outer sidewalls of the inner electrode. A radially outer
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electrode is radially outward of the ferroelectric material.
One of the outer electrode or the inner electrode is electri-
cally coupled to the select device. The other of the outer
electrode and the inner electrode is electrically coupled to
the crossing second line.

In compliance with the statute, the subject matter dis-
closed herein has been described in language more or less
specific as to structural and methodical features. It is to be
understood, however, that the claims are not limited to the
specific features shown and described, since the means
herein disclosed comprise example embodiments. The
claims are thus to be afforded full scope as literally worded,
and to be appropriately interpreted in accordance with the
doctrine of equivalents.

The invention claimed is:

1. A memory cell, comprising:

a first electrode and a second electrode;

a select device and a programmable device in series with
each other between the first and second electrodes, the
select device being proximate and electrically coupled
to the first electrode, the programmable device being
proximate and electrically coupled to the second elec-
trode; and

the programmable device comprising:

a radially inner electrode having radially outer side-
walls, the radially inner electrode being of an
upwardly open container-like shape in a vertical
cross section taken through an axial center of the
radially inner electrode;

ferroelectric material radially outward of the outer
sidewalls of the radially inner electrode;

a radially outer electrode radially outward of the fer-
roelectric material;

one of the radially outer electrode or the radially inner
electrode being electrically coupled to the select
device, the other of the radially outer electrode and
the radially inner electrode being -electrically
coupled to the second electrode; and

the ferroelectric material not extending radially out-
ward beyond the radially outer electrode.

2. The memory cell of claim 1 wherein the ferroelectric
material completely circumferentially surrounds the radially
inner electrode in at least one horizontal cross section.

3. The memory cell of claim 1 wherein the radially outer
electrode completely circumferentially surrounds the ferro-
electric material in at least one horizontal cross section.

4. The memory cell of claim 1 wherein the ferroelectric
material is of an upwardly open container-like shape in a
vertical cross section taken through an axial center of the
ferroelectric material.

5. The memory cell of claim 1 wherein the radially outer
electrode is of an upwardly open container-like shape in a
vertical cross section taken through an axial center of the
radially outer electrode.

6. The memory cell of claim 1 wherein the radially outer
electrode is electrically coupled to the select device and the
radially inner electrode is electrically coupled to the second
electrode.

7. The memory cell of claim 1 wherein the radially outer
electrode is electrically coupled to the second electrode and
the radially inner electrode is electrically coupled to the
select device.

8. The memory cell of claim 1 wherein the ferroelectric
material is directly against one of the first electrode and the
second electrode.
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9. The memory cell of claim 1 wherein the ferroelectric
material is not directly against either of the first and second
electrodes.

10. The memory cell of claim 1 wherein no intervening
circuit component is between the one of the radially outer
electrode and the radially inner electrode and the select
device.

11. The memory cell of claim 1 wherein no intervening
circuit component is between the other of the radially outer
electrode and the radially inner electrode and the second
electrode.

12. The memory cell of claim 1 wherein the ferroelectric
material comprises hafnium oxide doped with silicon diox-
ide.

13. An array of the memory cells of claim 1.

14. A memory cell, comprising:

a first electrode and a second electrode;

a select device and a programmable device in series with
each other between the first and second electrodes, the
select device being proximate and electrically coupled
to the first electrode, the programmable device being
proximate and electrically coupled to the second elec-
trode; and

the programmable device comprising:

a radially inner electrode having radially outer side-
walls;

ferroelectric material radially outward of the outer
sidewalls of the radially inner electrode;

a radially outer electrode radially outward of the fer-
roelectric material;

one of the radially outer electrode or the radially inner
electrode being electrically coupled to the select
device, the other of the radially outer electrode and
the radially inner electrode being -electrically
coupled to the second electrode; and

conductive material of the radially inner electrode
where between the first and second electrodes being
everywhere of a solid pillar shape in a vertical cross
section taken through an axial center of the radially
inner electrode.

15. An array of the memory cells of claim 14.

16. A memory cell, comprising:

a first electrode and a second electrode;

a select device and a programmable device in series with
each other between the first and second electrodes, the
select device being proximate and electrically coupled
to the first electrode, the programmable device being
proximate and electrically coupled to the second elec-
trode; and

the programmable device comprising:

a radially inner electrode having radially outer side-
walls;

ferroelectric material radially outward of the outer
sidewalls of the radially inner electrode;

a radially outer electrode radially outward of the fer-
roelectric material;

one of the radially outer electrode or the radially inner
electrode being electrically coupled to the select
device, the other of the radially outer electrode and
the radially inner electrode being -electrically
coupled to the second electrode; and

the ferroelectric material being of an upwardly open
and downwardly open cylinder-like shape in a ver-
tical cross section taken through an axial center of
the ferroelectric material.

17. An array of the memory cells of claim 16.
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18. A memory cell, comprising:

a first electrode and a second electrode;

a select device and a programmable device in series with
each other between the first and second electrodes, the
select device being proximate and electrically coupled
to the first electrode, the programmable device being
proximate and electrically coupled to the second elec-
trode; and

the programmable device comprising:

a radially inner electrode having radially outer side-
walls;

ferroelectric material radially outward of the outer
sidewalls of the radially inner electrode;

a radially outer electrode radially outward of the fer-
roelectric material;

one of the radially outer electrode or the radially inner
electrode being electrically coupled to the select
device, the other of the radially outer electrode and
the radially inner electrode being -electrically
coupled to the second electrode; and

conductive material of the radially outer electrode
being of an upwardly open and downwardly open
cylinder-like shape in a vertical cross section taken
through an axial center of the radially outer elec-
trode.

19. An array of the memory cells of claim 18.

20. A memory cell, comprising:

a first upper electrode and a second lower electrode;

a select device and a programmable device in series with
each other and being elevationally between the first
upper electrode and the second lower electrode, the
select device being proximate and electrically coupled
to one of the first upper electrode and the second lower
electrode, the programmable device being proximate
and electrically coupled to the other of the first upper
electrode and the second lower electrode; and

the programmable device comprising:

a radially inner electrode having radially outer side-
walls;

ferroelectric material radially outward of the outer
sidewalls of the radially inner electrode;

a radially outer electrode radially outward of the fer-
roelectric material;

one of the radially outer electrode or the radially inner
electrode being electrically coupled to the select
device, the other of the radially outer electrode and
the radially inner electrode being -electrically
coupled to the second electrode; and

the ferroelectric material being directly against one of
the first upper electrode and the second lower elec-
trode but not directly against the other of the first
upper electrode and the second lower electrode.

21. An array of the memory cells of claim 20.

22. A memory cell, comprising:

an upper electrode and a lower electrode;

a select device and a programmable device in series with
each other and being elevationally between the upper
and lower electrodes, the select device being proximate
and electrically coupled to the upper electrode, the
select device being above the programmable device,
the programmable device being proximate and electri-
cally coupled to the lower electrode, the programmable
device being below the select device; and

the programmable device comprising:

a radially inner electrode having radially outer side-
walls, conductive material of the radially inner elec-
trode where between the first and second electrodes
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being everywhere of a solid pillar shape in a vertical
cross section taken through an axial center of the
radially inner electrode;

ferroelectric material radially outward of the outer
sidewalls of the radially inner electrode, the ferro-
electric material being of an upwardly open con-
tainer-like shape in a vertical cross section taken
through an axial center of the ferroelectric material;

a radially outer electrode radially outward of the fer-
roelectric material, the radially outer electrode being
of an upwardly open container-like shape in a ver-
tical cross section taken through an axial center of
the radially outer electrode; and

the radially inner electrode of pillar shape being elec-
trically coupled to the select device, the radially
outer electrode of container-like shape being electri-
cally coupled to the lower electrode.

23. The memory cell of claim 22 wherein the radially
inner electrode of pillar shape is directly against the select
device and the select device is directly against the upper
electrode.

24. The memory cell of claim 23 wherein the radially
outer electrode of container-like shape is directly against the
radially inner electrode.

25. An array of the memory cells of claim 22.

26. A memory cell, comprising:

an upper electrode and a lower electrode;

a select device and a programmable device in series with
each other and being clevationally between the upper
and lower electrodes, the select device being proximate
and electrically coupled to the lower electrode, the
select device being below the programmable device,
the programmable device being proximate and electri-
cally coupled to the upper electrode, the programmable
device being above the select device; and

10

15

20

25

30

12

the programmable device comprising:

a radially inner electrode having radially outer side-
walls, the radially inner electrode being of an
upwardly open container-like shape in a vertical
cross section taken through an axial center of the
radially inner electrode;

ferroelectric material radially outward of the outer
sidewalls of the radially inner electrode;

a radially outer electrode radially outward of the fer-
roelectric material, the radially outer electrode being
of an upwardly open container-like shape in the
vertical cross section;

the radially outer electrode being electrically coupled to
the select device, the radially inner electrode being
electrically coupled to the upper electrode, the radi-
ally inner electrode projecting elevationally above
the radially outer electrode, the radially inner elec-
trode above the radially outer electrode not project-
ing radially outward of the radially outer electrode.

27. The memory cell of claim 26 wherein the ferroelectric
material extends radially outward beyond the radially outer
electrode.

28. The memory cell of claim 26 wherein,

the select device is directly against lower electrode;

the radially outer electrode is directly against the select

device; and

the radially inner electrode is directly against the upper

electrode.

29. The memory cell of claim 28 wherein the ferroelectric
material extends radially outward beyond the radially outer
electrode and is directly against the upper electrode and a top
of the radially outer electrode.

#* #* #* #* #*



